A PVDF piezoelectric transducer has been used to study the shock wave associated with a laser generated cavitation bubble in water. The measurements depend upon the accurate recording of the voltage developed in a large (-3mm) diameter but thin (-9w) piezoelectric film nansducer placed close to a Nd YAG laser-generated cavity in water.
INTRODUCTION
The accurate measurement and characterisation of acoustic transients generated by small events is in general extremely difficult. This is because devices for measuring such acoustic waves are required to be equally as small as the event and have a wide signal bandwidth due to the short acoustic travel times and geometry involved. Many attempts have been made using a wide variety of techniques to characterise the acoustic transients associated with one such event, cavitation. Optical cavitation can be produced when light from a high power pulsed (Q-switched) laser is focused into water. Initially, and also during the subsequent collapses, the wall of the vapour bubble expands at a velocity greater than that of the speed of sound in the liquid, producing a spherically symmetric acoustic transient or shock wave, slowing after a few nanoseconds to the sound speed in the liquid. Methods for acoustic field time-profiling usually involve using either spot poled piezoelectric membrane transducers or needle hydrophones [I] . Such techniques require the expanding acoustic wave to have travelled far enough so that it's radius of curvature is large, thereby appearing planar to the small sensitive area of the transducer. The rise time is only dependant on the thickness of the device and the duration of the wave. The apparent rise time can however be considerably longer for other orientations and non-planar transients, for example due to the curvature of the acoustic wave front close to an optical cavitation event, figure 1. Optical methods have also been used extensively in the characterisation of optical cavitation events and the resulting spherically symmetric acoustic transients. Quantitative measurements can be made using high speed MachZehnder interferometry [2] , but the technique is complex and fringe tracing across the shock front is difficult. The approach described here uses a large area Polyvinylidenefluoride (PVDF) film piezoelectric transducer. The transducer is considered to be made up of a large number of small elements. Each of these elements measures the component of pressure normal to the film of a small section of the acoustic transient which is within the transducer. The voltage generated in the transducer is then proportional to the sum of all of these pressure components. As a result if the spatial shape, or symmetry, of an acoustic transient is known as it progresses through the liquid, then its pressure-time profile can be derived from the voltage signal measured across the PVDF transducer electrodes as a function of time.
PRINCIPLE
The technique is based on the fact that the output voltage of a planar piezoelectric transducer subject to a spherical symmetric acoustic transient is a convolution of all the excited annuli associated with the various elements of the incident wave. If assumptions concerning scalability and symmetry can be made about the radial pressure versus time waveform, then it is possible to deconvolve the voltage waveform to give the pressure as a function of radius. The idea of deconvolution lends itself to computer simulation which in turn allows a rigorous testing of the deconvolution algorithm. This in turn will be used on a practical output waveform as well as allowing a thorough understanding of the experimental requirements such as bandwidth of the piezo amplifier and digital recording. In the simulations used here a discrete form of convolution has been used ; V(t) = j P(t -t). T(t) dt linked by some multiplier K which represents the time -rn step between discrete measurements of V,. It is assumed here that the pressure pulse is of a finite duration, such that P(t < Mk) = P(t>Nk)= 0, where M is some integer. A simple form of deconvolution may be derived as a recursive series:
The pressure profile at time t = NK can thus be calculated provided that all voltages V, to V, have been measured. A series of simulations were made using parameters such as transducer and wavefront thickness which matched the experimental ones and deconvolutions performed until the deconvoluted waveform agreed with the known input waveform. The technique was applied to the case of a laser generated cavitation event lmm from the transducer surface in water. The diameter of the transducer was 3mm and the thickness 9j.un. The schlieren photograph was taken with an exposure time of -0Snsec about 3OOnsec after the laser breakdown which can be seen as the white plasma in the water. The spherical acoustic wave is centred on the laser breakdown and the thin film transducer is mounted on the left. The voltage signal from the PVDF transducer was recorded using a fast digital oscilloscope (sampling rate SOOMs/s) with computer interface to allow signal manipulation. The calculated pressure profile is shown. Similar results were obtained using thicker films (up to 11Op.m). The pressure profiles and the peak pressures are in good agreement with those obtained using optical techniques and the experiments show that it is possible to recover detailed measurements even though the transducer dimensions greatly exceed those of the acoustic source.
